METHOD OF MANUFACTURIliG POLXHER RESZH PARTICLES 
FOR USE XH TOHEm 



BACKGROUHD OF TOE IWVEWTIOW 

S 1. Field Of the Invention 

The present invention concerns polymer particles for 
use in toners usable for toners that are used in 
electrophotographic copying machines or printers and, more in 
particular, it relates to a method of manufacturing polymer 
10 particles for use in toners capable of preventing offset in 
heat fixing devices provided to copying machines or printers 
when used as toners, ther^sy capable of improving the fixing 
property and durability of the toners and capable of forming 
images at high fineness. 
15 2. Description of Related Art 

Toners used for copying machines or printers have been 
nianufactur<»H mn far by a so-called pulverization method of 
melt luieading a colorant such as a carbon black or a pigment, 
additives r for exanqple, a releasing agent such as wax and a 
20 binder resin by an extaruder, followed by pulverization and 
class if ication* However, higher image quality has been 
demanded in recent years for copying machines and printers 
and, accordingly, it is demanded that the toner, grain fiise is 
as small as 3 to 9 and the grain size distribution is also 
25 narrow. Attainment of such demands by the existent 

manufacturing method involves problems such as lowering of 
yield as the grain size is smaller. 
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Forth r, the toner particles obtained by the 
pulverization method involve a problem that their grain siz 
distribution is wide although they are claesified, and 
accordingly/ the amount of static charges varies greatly due 
5 to the scattering of the grain size when individual toner 
particles are charges upon image formation. Farther it also 
involves a problem of poor fluidity since the shape of the 
toner particles is indefinite* 

On the other hand, a toner manufacturing method hy a 
10 polymerization method has been known as a manufacturing 

method instead of the pulverization method in recent years. 
By the use of the method/ a toner of a small grain size and a 
narrow grain size distribution can be obtained different from 
the pulverization method. The polymerization method includes 
15 emulsion polymerization, suspension polymerization/ and 

dispersion polymerization/ and the dispersion plymerization 
tends to be selected since spherical toners with narrow grain 
size distribution can be obtained easily. 

As a method of manufacturing a toner using the 
20 dispersion polymerization method, Japanese Patent Laid-open 
No. Hei 5(1993)-1B1315, for example, discloses a method of 
manufacturing a toner for development of static charge images 
fozined by dying polymer resin particles obtained by adding 
and polymerizing vinyl monomers in a polymeric dispersant/ 
25 adsorbing an pulsion wax at the surface of the obt:ained 

particles and further continuing polymerization. According to 
the toner manufacturing method described above/ it is 
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possible to manufacture a toner having excellent offset 
resistance in heat roll fixing and excellent in fluidity. 

Further, Japanese Patent No. 2504745 describes a method 
of manufacturing an electrophotographic toner of dissolving 
5 or dispersing a radical polymerization monomer and a colorant 
in which an anti-offset agent such as various kinds of waxes 
is previously dissolved or dispersed into a reaction medium 
and polymerizing the radical polymerizable monomer under the 
presence of a radical initiator thereby obtaining a 
10 substantially spherical particle con^rislng a composition of 
the resin and the colorant. According to the manufacturing 
method descril^ed above, since the anti-offset agent is joined 
in a state dissolved or dispersed in a finely particulate 
state with the resultant polymer particle in the polymerizing 
15 reaction system, and the anti-offset agent is present as fine 
particles in the colored polymer particle, it is possible to 
manufacture a toner excellent in electrophotographic property 
as the toner. 

However, in the toner manufacturing method described in 
20 Japanese Patent Laid-open Mo. Hei 5(1993)-181315, the grain 
size of the polymer resin particles, and the addition amount 
of the wax have to be controlled strictly for uniformly 
depositing the wax particles on the surface of the polymer 
resin particle, unless the control is conducted strictly, 
25 dispersed state of the wax in the mixed solution is instable 
and, as a result, the polymer resin particles tend to cause 
agglomeration to each other, so that the amount of the wax. 
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if Incorporated, in the polymer resin particle# is extremely 
small and not uniform* 

Further^ in the toner manufacturing method described In 
the Patent No. 2504745, the amount of wax as the anti-offset 
5 agent that can be previously dissolved in the monomer is 

extremely small and since it is necessary to dissolve the wax 
into the monomer , the wax that can be used is restricted. 
Accordingly / the amount of the wax, if incorporated in the 
polymer resin particle constituting the toner, is extremely 
10 small- 

As described above, in the toner manufactured by the 
dispersion polymerization method described in Japanese Patent 
Iiaid-Open No. Hei 5(1993)-181315 or Japanese Patent No. 
2504745 r only an extremely small amount of wax can be 

15 incorporated in the polymer resin particles. AS a result, 

when such polymer resin particles are used as the toner, they 
result in a problem that the mold releasing effect can not be 
provided sufficiently. 

Therefore, in the printer using the i^ner described 

20 above, so-called heat -offset occurs during heat roller fixing 
and it is necessary to coat a releasing agent such as a 
silicone oil to a roller in order to prevent the heat offset. 
For the coating of the releasing agent to the roller needs an 
additional coating device to bring about a problem of 

25 increasing the cost of the printer main body. 
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SUMMARY OF THE IWVEWTION 
The preeent invention has been achieved in order to 
eolvQ the probleois described above and it intends to provide 
a method of manufacturing a polymer particle for use in a 
5 toner capable of incorporating a sufficient amount of fine 
wax particles Into the polymer resin particle r and capable of 
preventing offset in a heat fixing device provided to copying 
machines or printers in a case of using such polymer resin 
particles as the toner thereby capable of forming images at 
10 high fineness with improved fixing property and durability of 
the toner. 

For attaining the foregoing purpose the present 
invention provides, according to one aspect/ a method of 
manufacturing a polymer resin particle for use in a toner of 

15 dispersing fine wax particles less soluble to an organic 
solvent by using a polymeric dispersant in the organic 
solvent f d>fiAn1ving one or more kinds of monomers for forming 
a polymer less soluble to the organic solvent, and proceeding 
the polymerizing reaction of the monomers while depositing 

20 fine polymer particles on the surface of the fine wax 
particles upon depositing the polymer into the organic 
solvent in the initial stage of the polymerizing reaction of 
the monomers, thereby forming polymer resin particles for use 
in a toner incorporating fine wax particles, wherein the wax 

25 ingredient forming the fine wax particles is selected such 
that the surface potential of the fine wax particles 
dispersed in the organic solvent shows a polarity opposite to 
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the surface potential of the fine polymer particle. 

In accordance with the method of manufacturing the 
polymer resin particle in one aspect of the invention, since 
the wax ingredient forming the fine wax particle ie selected 
5 such that the surface potential of the fine wax particle 
shows the polarity opposite to the surface potential of the 
fine polymer particles upon dispersion of the fine wax 
particles in the organic solvent by using the polymeric 
dispersant, one or mor& kinds of monomers forming the polymer 
10 is dissolved and the polymerizing reaction of the monomer is 
proceeded while depositing the fine polymer particles on the 
surface of the fine wax particles upon deposition of the 
polymer in the organic solvent in the initial stage of the 
polymerising reaction process of the monomer, the fine 
15 polymer particles are attracted to the surface of the fine 
wax particles in the initial stage of the monomer 
polymerizing reaction and, accordingly, the fine polymer 
particles can be deposited in a short time and simply on the 
surface of the fine wax particles. Further, fine wax 
20 particles can be incorporated sufficiently in the resultant 
polymer particles. 

In a case of using the polymer particles formed as 
described above for the toner, since a sufficient amount of 
fine wax particles is incorporated in the polymer particle, 
25 it is possible to prevent offset in the heat fixing device 
provided to the copying machine or the like without 
conducting external addition of the wax or provision of oil 
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coatilng device to the copying inach±ne, thereby capabl of 
improving the fixing property and the durability and also 
capable of fozmlng highly fine images. 

BRIEF DESCRIPTION OF THE DRAWIWC^ 
Fig- 1 is an electron microscopic photograph of a 
polymer particle resin; 

Fig. 2 is an explanatory graph shoving the result of 
differential thermal measurement conducted for the polymer 
resin particles obtained in Example 1, in %^ich curve A is a 
reference curve measured for a resin particle not containing 
wax, curve B is a curve shoving the result of measurement 
obtained for measured sample containing a polymer resin 
particle and curve c shows the result of measurement only for 
wax; and 

Fig. 3 is an explanatory view showing the result of 
differential thermal measur^ent conducted for the polymer 
resin particle obtained in Exan^le 2 in which curve A is a 
reference curve measured for a resin particle not containing 
wax# curve B is a curve showing the result of measurement 
obtained for measured sample containing a polymer resin 
particle and curve C shows the result of measurement only for 
wax. 

PSTAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A method of manufacturing a polymer resin paxrticles 
according to the present invention is to be described. 



As the majaufacturing method for the polymer resin 
particles according t the invention, a disper&ion 
polymerization method is adopted. The dispersion 
polymerization step is a step of adding a polymeric 
dispersant soluble to an organic solvent into the organic 
solvent/ and adding one or more kinds of moncxners which are 
soluble to the organic solvent with the polymer resultant 
therefrom being swollen but not scarcely dissolved in the 
organic solvent thereby forming particles. The monomer 
utilized for the growing reaction is soluble to the organic 
solvent but the polymer is dlnsoluble to the organic solvent. 

The polymeric dispersant added into the organic solvent 
is properly selected depending on the organic solvent used 
and tlie aimed polymer resin paxrticle and, particularly, those 
dispersants having high affinity and adsorbability to the 
surface of the polymer resin particle and having high 
affinity and solubility to the organic solvent are selected 
with a view point of mainly preventing sterical agglomeration 
of polymer resin particles. 

Upon starting the reaction, the polymeric dispersant is 
dissolved, the monomer is added, oxygen in the system is 
replaced with an inert gas, and reaction is started while 
previously adding a polymerization initiator and elevating 
the temperature in the system upon start of polymer iz at ion « 
The ten^rature in the system is increased by elevating up to 
a temperature corresponding to the decoo^sing rate of the 
initiator used. Then, the monomer starts polymerization by 
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t,hB polymer izat:ion initiator and, when they are grown to a 
critical molecular amount to the organic solvent in which 
they are dissolved the monomers are deposited to form 
particles. Since it is considered that the particle 8i2e 
5 immediately after the deposition is small and it is 

insufficient to cover all the surface areas of the already^' 
dispersed wax particles and deposited polymer particles with 
the addition amount of the previously added polymeric 
dispersant^ both of the dispersed particles are in an 
10 extremely instable state as they are. However, since the 

2eta-potential is different between the wax particle and the 
deposited polymer resin particle, the polymer particles are 
electrostatically attracted to the wax, deposited and 
integrated with the wax surface to form stable nuclei. The 
15 process from deposition to stabilization occurs in an 
extremely short period of time. 

For the once formed stable nuclear particle, 
polymerization proceeds in the particle by further continuing 
the reaction and the particle grows while incorporating the 
20 wax. Then, the polymer resin particle of the invention can be 
obtained by terminating the reaction when a desired particle 
size is obtained. 

The organic solvent used in the invention can include, 
specifically, alcohols such as methanol # ethanol, n-butanol/ 
25 8-butanol, t-butanol, n-amyl alcohol, s-amyl alcohol/ t-amyl 
alcohol, isoamyl alcohol, isobutyl alcohol, isopropyl alcohol, 
2-ethylbutanol/ 2-ethylhexanol, 2-octanol, n-octanol, n- 
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decanol/ cyclehaxanol, n-hexanol, 2-heptanol, 3»heptanol/ 3- 
pent:anol, met:hylcyclohexanol , 2-methyl-2-batanol/ 3-methyl-2- 
butanolr 3-iD€thyl-l-butin-3-ol, 4^methyl-2-pent:anol, and 3- 
methyl-l-pentin-3-ol^ aliphatic hydrocarbons such as hexane, 
heptane, octane, isooctane/ and nonane, substituted 
hydrocarbons such as nitrometbane, cycloaliphatlc 
hydrocarbons such as cyclohexane, cyclononane, cyclohexadiene, 
cycloheptane and decahydronaphthalene, aromatic hydrocarbons 
such as benzene, toluene, xylene, chlorobenzene, 
dichlorobenzene, ethylbenzene, anisole and 
diisopropylnaphthalene, halogenated hydrocarbons such as 
dichloromethane, chloroform, and chloroethane, ether such as 
ethyl benzyl ether, dibutyl ether, dipropyl ether, dibenzyl 
ether, dimethyl ether, vinyl methyl ether, vinyl ethyl ether, 
diethylene ether, and tetrahydrofuran, ketones 8uch as methyl 
ethyl ketone^ methyl butyl ketone, acetoaldehyde, acetone, 
acetophenone, diisobutyl ketone, diisopropyl ketone and 
cyclohexanone, esters such as ethyl formate, ethyl acetate, 
methyl acetate, ethyl stearate and methyl salycxlate, and 
water. The solvents may be used alone but, in most cases, 
used in combination for controlling the SP value (Solubility 
Parameter) of the reaction system. 

Then, the dispersant added into the organic solvent and 
functions as a dispersant for fine dispersion of the wax and 
a stabilizer for the polymer resin particle can include, for 
exaii4)le, specifically, polyvinyl pyrrolidone, polyvinyl 
alcohol, 1-hexadecanol, hydroxypropyl cellulose. 
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hydroxypropylmethy ( ethyl ) cellulose , poly ( 12-hydroxystearic 
acjLd}f poly(6tyrene-b-dimethylsiloxane} and polyisobutylene. 
The polymeric diepersant added Into the organic solvent Is 
properly selected depending on the organic solvent used and 
5 the aimed polymer resin particle and^ particularly, those 
dispersants having high affinity and adsorbability to the 
surface of the polymer resin particle and having high 
affinity and solubility to the organic solvent are selected 
with a view point of mainly preventing sterical agglomeration 
10 of polymer resin particles. Further ^ for increasing the 

repulsion between the polymer resin particles to each other 
with a sterical view point, those having molecular chains to 
some extent, preferably, those having a molecular weight of 
10,000 or more are selected. With the view points described 
15 above, tor making the grain size uniform and the grain size 
distribution narrow for the polymer resin particles to be 
produced r polyvinyl pyrrolidone is preferred as the polymeric 
dispersant. Further, plural kinds of polymeric dispersants 
may be used in combination. Further, the addition amount of 
20 the polymeric dispersant used is 5 parts by weight or more 

based on the addition amount of the monomer while this varies 
depending on the grain size of the polymer resin particle 
produced as the aimed product. When the amount is smaller , no 
sufficient sterical repulsion can be obtained between the 
25 polymer particles upon deposition of the polymer particle in 
the course of the initial polymerization etnd they agglomerate 
with each other. 
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The polymer const-ituting the polym r resin particle can 
include homopolymer and copolymers of styrene and derivatives 
thereof such as polystyrene, poly-p-chlorostyrene, 
polyvinyltoluene, styrene-p-chlorostyrene copolymer and 
styrene vinyl toluene copolymer; copolymers of styrene and 
acrylates such as styrene - methylacrylate copolymer, styrene 
— ethylacrylate copolymer, and styrene -* n-butyl aery late 
copolymer; copolymers of styrene and methacrylate such as 
styrene - methylmethacrylate copolymer, styrene - 
ethylmethacrylate copolymer, and styrene - n- 
butylroethacrylate copolymer j polynary copolymer of styrene, 
acrylate and methacrylate; as well as styrenic copolymers 
such as copolymers of styrene and other vinylic monomer, such 
as styrene - acrylonitrile copolymer, styrene - vinylmethyl 
ether copolymer, styrene - butadiene copolymer, styrene - 
vinyl methyl ketone copolymer, styrene - acrylonitrile - 
indene copolymer and styrene - maleate copolymer; polymethyl 
methacrylate, polybutyl methacrylate, polyvinyl acetate, 
polyester, polyamide, epoxy resin, polyvinyl butyral, 
polyacrylic acid, phenolic resin, aliphatic or cycloaliphatic 
hydrocarbon resin, petroleum resin and chlorinated paraffin, 
which may be used alone or may be used in an appropriate 
combination thereof. The monomer in the invention comprises a 
so-called polymerizable monomer for forming the polymer 
described above and at least one kind of monomer is used in 
accordance with the kind of the polymer. 

in the case of use as the toner, the polymer is 
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preferably has high transparency in view of th application 
use to OHP and it is preferred that the insulation property 
is high in order to obtain good developed images. Further, it 
is necessary to have a high dynamic strength at a normal 
temperature and it is desirably softencKl by lov energy and 
fixed to an object to be drawn. In view of the foregolngs, in 
a case of using the polymer resin particle in the preferred 
embodixDent as the photographic toner, styrene series 
copolymers or polyester series polymers are used suitably for 
instance* 

For example, the monomer as the starting material for 
the styrene series copolymer can include aromatic vinyls such 
as styrene, vinyl toluene and a-methylstyrene, methacrylic 
esters such as methyl methacrylate, ethyl methacrylate and 2- 
ethylhexyl methacrylate, acrylic esters such as ethyl 
acrylate, ethyl acrylate, butyl acrylate, and ethylhescyl 
acrylate, vinylic esters such ae vinyl formate, vinyl acetate, 
vinyl propionate, vinyl ethers such as vinylmethyl ether and 
vinylethyl ether # methacrylic acid, acrylic acid, maleic acid 
anhydrides, and metal salts thereof, monomers having 
functional groups such as diethylaminoethyl methacrylate and 
diethylaminoethyl acrylate, and f luoro-containing monmers 
such as trifluoroethyl methacrylate and tetrafluoropropyl 
methacrylate, Among them, copolymers comprising styrene and 
one or more kinds of monomers of acrylic ester or methacrylic 
esters are preferred. 

The polymerization initiator for forming the polymer 
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from "the monomer by the polymerizing reaction can include, 
specifically, azo hydrochloride series Buch as 
2,2* -azpbis (2-methyl-N-phenylpropionamidine)dihydrochloride, 
2,2* -azobis [ N- ( 4 -chlorophenyl } -2-methy Ipropionamidine ] 

dihydrochlor ide , 
2,2* -azobis t N- ( 4-hydroxyphenyl )-2-methylpropionamidinel 

dihydrochlor ide , 
2,2' -azobiB [ N- ( 4-aininophenyI ) -2-iQetbylpropionaxiiidine] 

t etr ahydrochloride , 
2,2* -azobis [ 2-methyl-N- ( phenylmethyl }propionaAiidine] 

dihydrochloride , 
2,2* -azobis [ 2-itiet:hyl-N-2 -propenylpropionamidine ] 

dihydrochloride 
2,2' -azobis ( 2-methylpropionamidine ) dihydrochloride , 
2,2' -azobis I N- ( 2 -hydroxyethyl ) -2 -methylpropionamidine J 

dihydrochloride, 
2,2' -azobi5[ ( 2-5-methyl-2-ijnidazolin-2-yl)propane] 

dihydrochloride, 
2 r 2 ' -azobie [2-(2-imida20lin^2--yl ) propane] dihydrochloride, 
,2' -azobis ( 2- ( 4 , 5 , 6 , v-tetrahydro- lH-1 , 3 -diazepin-2-yl ) 

propane ] dihydrochloride , 
, 2 * -azobis [ 2- ( 3 , 4 , 5 , 6-tetrahydropyridin-2-yl )propane] 

dihydrochloride , 
, 2 • -azobis [ 2- ( 5-hydroxy-3 ,A,5, 6-tet.rahydropyridin-2-yl ) 

propan ] dihydrochloride , 
, 2 • -azobis { 2- [ 1- ( 2-hydroxyethyl ) -2-iinidazolin^2-yl ] propane} 
dihydrochloride • 
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Further, other azo initiators can include; 

2,2* -azobisisobutylonitrile, 

2 r 2 ' -azobismethylbutylonitronitrlle, 

2,2* -a20bis-2-cyclopropylpropionitrile/ 

2,2' ^a2obi6-4-inethoxy-2 , 4-*diiBethylvaleronitrlle, 

1,1* -azobiscyclohexane-l-carbonitrile, 

2,2' -azobifi ( 2 , 4-dijaethyl ) valeronitrile, 

2-phenyla2o-4-methoxy-2 , 4 -dimethyl valeronitrile, and 

2 / 2 • -azobls-N ^ N ' -dijaethylisobu tylamidine . 

Further, organic peroxide initiator can include, for exanqple 
benzoyl peroxide, methyl ethyl ketone peroxide^ cumene 
hydroxy peroxide, t-buthylhydro peroxide, cyclohexanone 
peroxide, t-butyl peroxide, t-butyl peroxybenzoate, t- 
butylperoxy-2-ethyl hexanoate, t-butylperoxy pervaleate, t- 
butylperoxy neodecanoate, 3,5,5-t:rijiiethylhexanoyl peroxide, 
diisoproE^lbenzene hydroperoxide, lauroyl peroxide, and 
dicusryl peroxide. The initiator may be used alone or plural 
kinds of them may be used in admixture. Among the Initiators 
2,2' -^azobisisobutylonitr ile and benzoyl peroxide are 
particularly preferred. The addition amount of the 
polymerization initiator is 0.1 to 10 parts by weight based 
on 100 parts by weight of the monomer. 

For forming the polymer of the invention, the polymer 
may be crosslinked by using a crosslinker to f03:m a 
crosslinked polymer « as the crosslinker, usual crosslinkers 
may be used properly. Specifically, it can include, for 
example, divinyl benzene, divinyl naphthalene r divinyl ether i 



15 



divlnyl sol f one, ethylene glycol di(nieth)acrylat:e, butanediol 
di(meth)acrylat:e, trimethylolpropane trl(m th) aery late and 
pentaerythritol tri(meth) aery late. 

The wax to be finely dispersed in the first embodiinent 
5 can include, specifically, those having functional groups or 
those attached with functional groups are used, among 
pel:roleum wax, such as paraffin Vcoc, and microcrystalline wax, 
plant type wax such as carnauba wax, candelUla wax, rice wax 
and Japan wax, animal type wax such as bee wax and whale wax, 
10 mineral type wax such as montan wax, 020cerit:e wax, ceresin 
wax, synthesis wax such as polyethylene wax Fisher-Tropsch 
wax/ amide wax, and hardened castor oil. As the functional 
group, at least, one of the groups selected from tHe group 
consisting of hydroxy 1 group, carboxyl group, carbonyl group, 
15 ether group, phenyl group, phosphate group and sulfonate 
group is selected. 

The wax incorporated in the polymer resin particle is 
selected from those having the zeta-potential at the surface 
of the fine particle measured in the dispersant medium used 
20 upon production opposite to the zeta-potential of the polymer 
resin particle incorporating the wax. This can facilitate 
agglomeration between fine wax particles and polymer resin 
particles in the initial stage of growing by attraction to 
each other upon deposition of the polymer resin particles in 
25 the initial stage of production process. The thus selected 
wax is added together with the polymeric dispersant into the 
organic solvent and previously dispersed finely before 
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starting polymer izatl n of the monomer. 

in the case of using the polymer resin particles 
produced as described above for the toner, it is necessary 
for coloration. The coloration method includes a method of 
5 previously coloring the wax or a method of applying 

coloration after, preparing the polymer resin particles . 

The method of previously coloring the wax can include 
dispersion of a pigment and dissolution of a dye. Aa the 
pigment/ various inorganic pigments such as magnetite and 
10 organic pigments can be used. For exan^le, the pigment can 
include azo pigments such as aso lake, insoluble azo pigment, 
condensed azo pigment and chelate azo pigment, polynuclear 
pigments such as phthalocyanlne pigment, perylene pigment and 
perinone pigment ^ anthraguinone pigment^ quinacridone pigment, 
15 dioxazine pigment, thioindigo pigment, isoindolinone pigment, 
and guinophthalone pigment, dye lakes such as basic dye lake 
and acidic dye lake, orgemic pigments such as nitro pigment, 
nitroso pigment and aniline black daylight fluorescence 
pigment, and Inorganic dyes such as titanium oxide, other 
20 pigments dispersible in the wax may also be used. Further, 
the dye can include, for example, direct dye, acidic dye, 
dispersion dye, cation dye/ reactive dye, sulfide dye, oil 
soluble dye and metal complex dye. Other pigment soluble to 
the wax may also be used. 
25 When the pigment or the dye is dispersed into the wax, 

it is desirable to finely disperse the pigment or the dye by 
mixing and stirring and finely disperse the pigment or the 
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dye to the heated wax thereby inc rporating the pigment or 
the dye in the wax t form a pigment-containing wax. 

In a case of coloration after the preparation of the 
polymer resin particle, the coloration method can include a 
method, for example/ of dispersing a dye and a polymer resin 
particle in an aqueous solvent and, elevating the teiq^erature 
to higher than the softening point and lower than the 
temperature of the softening point of the polymer resin 
particle +40°C and then stirring them for coloration. 

The dye used for coloration is direct dye, acidic dye, 
dispersion dye, cation dye, reactive dye, sulfide dye, oil 
soluble dye or roetal complex dye. Among the colorants, the 
dispersion dye and cation dye are particularly preferred* 
After coloring the polymer resin particle with the dye, 
reduction cleaning is conducted for removing surplus dye 
deposited on the surface of the polymer resin particle* The 
solvent used for the reduction cleaning is an aqueous 
solution in which sodium hydroxide or hydroxy sulfite is 
dissolved . 

Then/ a fine organic powder and a charge contacoller are 
added to the colored polymer resin particles described above 
to prepare toner matrix particles* As the method of adding 
the fine organic powder and the charge controller, as 
disclosed in Japanese Patent Laid-Open no. Hei 11(1999)"65164, 
the colored polymer resin particles, the fine organic powder 
and the charge controller are mixed by means of mechanical 
impact to spike the fine organic powder and the charge 
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controller to the Burface of the colored polymer resin 
particles « 

The fine organic powder can include^ for example, fine 
acrylic resin powder, fine fluoro resin powder, fine silicon 
type resin powder and fine melamine type resin powder. 

The charge controller can include/ for example, metal- 
containing azo compound/ salicylate series metal con^lex, 
nigrosine/ triphenylmethane and quaternary ammonium salt. 

Then, after the spiking treatment of the fine organic 
powder and the charge controller to the surface of the 
colored polymer resin particles as descril>ed above, 
hydrophobic silica or conductive titanium oxide is externally 
added in order to improve the toner fluidity or improve the 
uniform chargeability of the toner. 

The hydrophobic sdLlica can include, for exanqple, those 
silica the surface of which is treated with dinethyldichloro 
silane/ dlmethylpolysiloxane , hexamethyldisilazane , 
aminosilane and amine. For exan^le, they can include H2000/ 
H3004 and HVK2150 manufactured by Wakker, and R974/ RY200, 
RX200/ RX300, RA200H, and R£A200 manufactured by Nippon 
Aerosil • 

As the conductive titanium oxide, titanium oxide the 
surface of which is treated, for example, with a tin oxide 
series semiconductor or Indium oxide series semiconductor is 
preferred. It is particularly preferred that the conductive 
titanium oxide has a resistance value of about 1 to 50 Q*cm, 
and a BET specific surface area of about 5 to 70 m^/g. For 
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example, xt can include EC-lOO, EC-210, EC-300 and EC-500 
maaufactured by Titan Xogyo. 

[Example] 

5 Concrete exair^lee for the method of manuf acrturing the 

polymer resin particles are to be described more specifically. 
(Example 1) 

d) Fine dispersion treatment for fine wax particles 

A mixture comprising the composition shown below is 
0 charged in a reaction vessel equipped with a stirrer # a 
condenser, a thermometer and a gas introduction tube. 

Ethanol 90wt% aqueous solution 300.0 parts by weight 

Polyvinyl pyrrolidone 5.D parts by xireight 

Wax (CKhRMER 67 r manufactured by Toyo Petrolite Co.) 

15*0 parts by weight 

After stirring and mixing the mixture at 60% by 250 
rpm for 5 hours while supplying a nitrogen gas, the number of 
rotation was increased to 10,000 xrpm and, further, it was 
stirred for 15 min or more to obtain a fine liquid dispersion 
of wax. The average grain size of wax was 0-36 |un. The zeta- 
potential of the wax was measured by using laser zeta 
potentiometer ELS-8000 manufact:ured by otsuka Electronics Co., 
Ltd. Z eta-potential was (-*-). 

(2) Polymer particle resin forming treatment 
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Then, into the fine liquid dispersion solution of wax 
obtained as described above, 

Styrene 59*9 parts by weight 

n-butyl acrylate 17.9 parts by weight 

afa'-azobisisobutylonitrlle 4.7 parts by weight 

were added as the monomer and stirring was initiated at 60^C 
by 250 rpm. The monomer was grown in about one hour from the 
start of the stirring and a polymer started to deposit in the 
first ^nbodiment . In this case, the fine polymer particles 
deposited on the surface of the wax by the static electricity 
caused between them and the wax previously dispersed in the 
solution. 

When stirring was conducted for further 4 hours, to 
continue growing and deposition of the monomer and the grain 
size was measured by using a laser diffraction type grain 
size distribution x&easuring apparatus SALD-3000 manufactured 
by 5himddzu Corporation, the volume average particle size 
reached X5.6 ^ to obtain an aimed particle size. Then, 
stirring was stopped and cooling was conducted by an iced 
water bath to 20^*0 . The obtained polymer resin particles were 
filtered and recovered, washed water methanol and left for 48 
hours at a room teioperature to dry the polymer resin 
particles . 

(D Polymer resin particle recovery treatment 

The liquid dispersion of the polymer resin particles 
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obtained as described above was recovered by filtration and 
the particles %^re washed with methanol. 

The recovered particles were re-dispersed in 400 ml of 
an aqueous 30 ppm solution of sodium dodecyl benzene 
sulfonate, tenq^erature was elevated and the wax not 
incorporated into the polymer resin pairticle was separated by 
melting. Then, NaCl was added to completely separate the wax 
and only the polymer resin particles were recovered by 
filtration and stood still at a room temperature for 48 hours 
to dry and obtain polymer resin particles, when the zeta- 
potential of the particles was measured, it showed (-) and it 
could be confirmed that the surface was covered with the 
polymer resin. When the polymer resin particles at this etep 
were confirmed by a scanning type electron microscope 
(manufactured by Shimadzu Corporation) it had a substantially 
spherical shape as shown in Fig. 1. 

(S> Confirmation of wax incoxporations differential thermal 
analysis 

The polymer resin particle obtained as described above 
was measured by a differential thermal analyzer. A specimen 
to be measured was placed by 2 . 5 mg in an aluminiim pan and 
measurement was conducted within a measuring temperature 
range of 30^C to ISO^C at a temperature elevation rate of 
S^'C/min \rtiile also using wax- free resin particles as a 
reference. Further, only the wax was placed by 2.6 mg in the 
aluminum pan and measured under the same conditions as 
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described above* 

The result of the measurement d scribed above is shown 
in Pig. 2. in Fig. 2, curve A is a reference curve for 
measurement of wax- free resin particles in which neither 
endothermic reaction nor exothermic reaction was taken place* 
Further, curve B shows the result of measurement obtained for 
the measured specimen in which a small peak PI for 
endothermic reaction was obtained neeur 90*'C. The peak PI is 
an endothermic peak due to ntelting of the fine wax particles 
incorporated in the polymer resin in the measured sample and 
it can be seen therefrom that the fine wax particles were 
incorporated in the polymer resin particles. Curve C shows 
the result for measurement only for the wax in which a large 
peak F2 for endothermic reaction was obtained near 90*^C, as 
well as in the curve B« xt can be seen also from the 
endothermic peak P2 in the curve C that the endothermic Pi 
obtained for the curve B is a peak generated due to the 
melting of the fine wax particles incorporated in the polymer 
resin particle* 

(g) Confirmation of the wax content 

The polymer resin particles obtained as described above 
were dissolved in a styrene monomer to take out only the 
incorporated wax- weight of the taken out wax was divided by 
the weight of the polymer resin particles before dissolution 
to determine the content* It was about 15%. 
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(D Conf imatlon of incorporated form of wax 

The polymer resin particles obtained as described above 
were embedded in an epoxy resin and a slice of about 100 nm 
was prepared by using an ultra -microtome. Then^ it was 
reinforced with carbon and observed by using an electron 
microscope (model H-8100, manufactured by Hitachi) at an 
acceleration voltage of 100 As a result, it was confirmed 

that several fine wax particles are incorporated in the 
polymer resin particle. 

(Example 2) 

Fine dispersion treatment for fine wax particles 

A mixture comprising the composition shown below was 
charged into a reaction vessel equipped with a stirrer, a 
condenser, a thermometer and a gas introduction tube. 

Ethanol 90 wt% aqueous solution 300.0 parts by weight 

Polyvinyl pyrrolidone 5-0 parts by weight 
wax (YUNIIiIN 700: manufactured by Toyo 

Petrolite Co.: z eta-potential +) 15.0 parts by weight 

After stirring and mixing the mixture at 75^C for 5 
hours by 250 npm while supplying a nitrogen gas^ the number 
of rotation was increased to 10,000 rpm and, further, it was 
stirred for 30 min to obtain a fine liquid dispersion of the 
wax. The average grain size of the wax was 0-52 ^m* The 
zeta-potentlal for the fine wax particles was measured by 
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using laser zeta potentiometer ELS-8000 manufactured by 
oteuka Electronics Co., Ltd. The data potential was (+)• 

(2) Polymer pcorticle resin forming treatment 

Then, into the finely dispersed liquid of the obtained 
wax, were added i 

Styrene 59.9 parts by weight 

n-butyl acrylate 17-9 parts by weight 

o^a' -azobisisobutylonitrile 4»7 parts by weight 

as monomers and stirring was started at 60^C by 250 rpm. The 
monomer was grown in about one hour from the start of the 
stirring and a polymer started to deposit in the first 
embodiment/ in which the fine polymer particles deposited on 
the surface of the wax by static electricity generated 
bet%^een them and the wax previously dispersed in the solution. 

Further, stirring was conducted for further 4 hours , to 
continue growing and deposition of the monomer and when the 
grain size was measured by using a Shlmadzu laser diffraction 
type grain size distribution measuring apparatus SALD-3000 
manufactured by Shimadzu Corporation^ the volume average 
particle size reached 15.0 pm to obtain an aimed particle 
size. 

® Polymer resin particle recovery treatment 

The liquid dispersion of the polymer resin particles 
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obtained as described above was recovered by filtration and 
the particles were washed with methanol. 

The recovered particles were re-dispersed in 400 ml of 
an aqueous 30 ppm solution of sodium dodecyl benzene 
sulfonate, temperature was elevated and the wax not 
incorporated in the polymer resin particle was separated by 
melting* Then, KaCl was added to completely separate the wax 
and recover only the polymer resin particles by filtration 
which were left to dry at a room ten^erature for 48 hours, to 
obtain polymer resin particles* When the zeta-potential of 
the particle was measured, it showed (-) and it can be 
conflnned that the surface was covered with the polymer resin. 
Further, when the .polymer resin particle was confirmed by a 
scanning type electron microscope (manufactured by Shimadzu 
Corporation), it had a substantially spherical shape as shown 
in Fig. 1 in the same manner as in Example 1. 

(3) confirmation of wax incorporations differential thermal 
analysis 

The polymer resin particle obtained as described above 
was measured by a differential thermal analyzer. The specijnen 
for measurement was placed into an aluminum pan by 2.5 mg and 
measurement was conducted within a range of the measuring 
temperature from 30^C to ISO^C at a teii^>erature elevation rate 
of S'^C/min while using wax- free resin particles as a 
reference. Further, only the wax was placed by 5 mg in the 
aluminum pan and measured under the same conditions as 
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described above « 

The result of the measurement is identical with that in 
Example 1/ and shown in Fig. 3« As explained for Example 1, 
in Fig. 3, curve A is a reference curve for measurement of 
the wax- free resin particles in %^ich neither endothezmlc 
reaction nor exothermic reaction was taken place. Further, 
curve B shows the result of measur^ent obtained for the 
specimen for measurement in which a email peak PI for the 
endothermio reaction was obtained near lOO^'C* The peak PI is 
an endothermic peak due to melting of the fine wax particles 
incorporated in the polymer resin in the measured sample and 
it can be seen therefrom that the fine wax particles were 
incorporated in the polymer resin particles. Curve C shows 
the result for measurement only for the wax in which a large 
peak J?2 for endothermic reaction was obtained near lOO^Cr as 
well as in the curve B. It can be seen also from the 
endothermic peak P2 in the curve C that the endothermic Pi 
obtaJLned for the curve B is a peak generated due to the 
melting of the fine wax particles incorporated in the polymer 
resin particle. 

© confirmation of the wax content 

The polymer resin particles obtained as described above 
were dissolved in a styrene monomer to take out only the 
incorporated wax. Weight of the taken out wax was divided by 
the weight of the polymer resin particles before dissolution 
to determine the content, it was about 12%. 
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(§) Confirmation of incorporated form of wax 

The polymer res in particles obtained as de&crlbed above 
were embedded in an epoxy resin and a slice of about 100 nm 
was prepared by using an ultra-microtome. Then, it was 
reinforced with carbon and observed by using an electron 
microscope (model H-8100, manufactured by Hitachi) at an 
acceleration voltage of 100 KV, As a result, it was confiznied 
that several fine wax particles are incorporated in the 
polymer resin particle. 

(Example 3} 

(D PrepEuration of magnetite-containing wax 

Wax (CELAMER 67: manufactured by Toyo Fetrolite Co.) 
was heated to 90°C, and 5 parts by weight of magnetite was 
mixed and stirred into 15 parts by weight of the heated wax 
to form magnetite-containing wax* Fine particles of magnetite 
were incorporated in the magnetite containing wax. 

® Fine dispersion treatment of fine wax particles 

A mixture comprising the composition shown below was 
charged in a reaction vessel equipped with a stirrer* a 
condenser, a thermometer and a gas introduction tube. 



Ethanol 90 wt% aqueous solution 
Polyvinyl pyrrolidone 
Magnetite-containing wax 



300,0 parts by weight 
5.0 parts by weight 
20.0 partis by weight 
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After stirring and mixing the mixture at 60*^0 by 250 
rpia for 5 hours while supplying a nitrogen gas^ the number of 
rotation was increased to 10/000 rpm and/ further, it was 
stirred for 30 min to obtain a fine liquid dispersion of 
magnetite-containing wax. The average grain size of the wax 
was 0.4 imm The seta-potential of fine particles of the 
magnetite-containing wax was measured by using laser zeta 
potentiometer ELS-8000 manufactured by Otsuka Electronics Co. 
Ltd. As a result, the zeta-potential of the magnetite- 
containing wax was The zeta-potential of the wax was (-i-) 

@ Polymer particle resin fonaing treatment 

Then, into the fine liquid dispersion solution of the 
magnetite-containing wax obtained as described above, 

Styrene 59.9 parts by weight 

n-butyl acrylate 17.9 parts by weight 

a,a'-a2obisisobutylonitrile 4.7 parts by weight 

were added as monomers and stirring was started at 60*0 by 
250 rpm. The monomer was grown in about one hour from the 
start of the stirring and a polymer started to deposit in the 
first embodiment. In this case, the fine polymer particles 
deposited on the surface of the wax by the static electricity 
caused between them and the magnetite-containing wax 
previously dispersed in the solution. 
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When stirring was conducted for further 4 hours, to 
continue growing and deposition of the monomer and the grain 
6ize was measured by using a Shimadzu laser diffraction type 
grain size distribution measuring apparatus SAIJ>-3000 
manufactured by Shimadzu Corporation, the volume average 
particle size reached 16.7 \m to obtain an aimed particle 
size* Then, stirring was stopped and cooling was conducted by 
an iced water bath to 20**C. The obtained polymer resin 
particles were filtered and recovered, washed with methaoiol 
and left for 48 hours at a room temperature to dry the 
polymer resin particles. 

® Polymer resin particle recovery treatment 

The liquid dispersion of the polymer resin particles 
obtained as described above were recovered by filtration and 
the particles were washed with methanol. 

The recovered particles were re-dispersed in 400 ml of 
an aqueous 30 ppm solution of sodium dodecyl benzene 
sulfonate, temperature was elevated and the magnetite-* 
containing wax not incorporated into the polymer resin 
particle was separated by melting. Then, NaCl was added to 
completely separate the magnetite-containing wax and only the 
polymer resin particles were recovered by filtration and 
stood still at a room temperature for 48 hours to dry and 
obtain polymer resin particles. When the zeta<* potential of 
the particles was measured, it showed (-) and it could be 
confirmed that the surface was covered with the polymer resin. 



When the polymer resin particles at this step was conf ixmed 
by a scanning type electron microscope (manufactured by 
shimadzu Corporation), it has a substantially spherical shape 
as shown In Fig. 1. 

5 

0 Confinnatlon of w€ix Incorporation t differential thermal 
analysis 

The polymer resin particle obtained as described above 
was measured by a differential thermal analyzer. A specimen 

10 for measurement was placed by 2.5 mg in an aluminum pan and 
measurement was conduct:ed within a measuring temperature 
range of 30*^c to 150^C at a temperature elevation rate of 
S^'C/min while using wax- free resin particles as a reference* 
Further r only the wax was placed by 2*6 mg in the aluminum 

15 pan and measured under the same conditions as described above. 

AS the result of the measurement, a similar trend with 
that shown in Fig. 2 was obtained in the same manner as in 
Example 1 and it was confirmed that the magnetite-containijig 
fine wax particles were incorporated in the polymer resin 

20 particle. 

(§} confirmation of wax content 

The polymer resin particles obtained as described above 
were dissolved in a styrene monomer to take out only the wax 
25 from the Incorporated magnetite-containing wax. Weight of the 
taken out wax was divided by the weight of the polymer resin 
particles before dissolution to determine the content « it was 
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about: 15%. 

(g) confirmation of Incorporated form of wax 

The polymer resin particles obtained as described above 
were embedded in an epoxy resin and a slice of about 100 nm 
was prepared by using an ultra-microtome. Then/ it was 
reinforced with carbon and observed by using an electron 
microscope (model H*8100, manufactured by Hitachi) at an 
acceleration voltage of 100 kv. As a result, it was confirmed 
that several fine magnetite-containing wax particles were 
incorporated in the polymer resin particle* 

(Comparative Exan^le 1) 

Khen the polymer resin particles were produced in the 
same manner as in Example 1 except for increasing the amount 
of polyvinyl pyrrolidone as the polymeric dispersant to 3 
parts by n^eight, particles agglomerated to each other in the 
polymerization step after addition of the monomer, and the 
polymer resin particles could not be taken out as primary 
particles • 

(Comparative Example 2) 

When the polymer resin particles were produced in the 
same manner as in Example 1 except for changing the stirring 
and mixing conditions to 5000 rpm for 10 min after stirring 
and mixing at 60*'C for 5 hours by 250 rpm for wax dispersion. 
The average particle size of the dispersed wax was 2«6 im. 
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During preparation of the polymer resin particles # the sy&ten 
was instable and the wax was not incorporated in the obtained 
polymer resin particle, a number of macro agglomerates around 
the wax as a nuclei were observed and it was difficult to be 
taken out as primary particles. 

(Comparative Example 3) 

Khen the polymer resin particles were produced in the 

same manner as in Example 1 except for using a polypropylene 
wax not having functional groups as a wax to be charged into 
the organic solvent. However^ in the dispersion of the wax in 
the initial stage, a liquid wax dispersion of uniform grain 
size could not be obtained and, accordingly, polymer resin 
particles incorporated with wax could not be obtained. 

(Comparative example 4) 

The polymer resin particles were produced in the same 
manner as in Example 1 except for conducting fine treatment 
with further addition of 5 parts by weight of magnetite in 
addition to ethanol, polyvinyl pyrrolidone and wax in the 
fine dispersion treatment of the fine wax particles in 
Example 1« While the average grain size of the thus obtained 
polymer resin particles was 17.8 pm, many magnetite was 
observed in the portion other than the polymer resin 
particles when observing the polymer resin particles by using 
an electron microscope, and only few xoagnetite was observed 
in the polymer resin particles. 



33 



Tbe present Invention is not restricted to the 
embodiments described above and it will be apparent that the 
Invention can be ijiqproved or modified variously within a 
range not departing from the gist of the invention. For 
exaji%>le, polymerization for the polymer resin particles 
described above may be conducted after mixing and stirring 
the charge controller and the like and a wax having good 
wettability to the charge controller, thereby incorporating 
the charge controller and the like to the fine wax particles. 

As has been described above, in the method of 
manufacturing the polymer resin particles for use in the 
toner by dispersing fine wax paxrticles using a polymeric 
dlspersant into an organic solvent/ according to the present 
invention since the wax ingredient forming the fine wax 
particles are selected such that the surface potential of the 
fine wax particles dispersed in the organic solvent: show the 
polarity opposite to the surface potential of the fine 
polymer particles, one or xoore of monomers forming the 
polymer is dissolved and the polymerising reaction of the 
monomer is proceeded while depositing fine polymer particles 
to the surface of the fine wax particles upon deposition of 
the polymer in the organic solvent in the initial stage of 
the polymerizing reaction of the monomer, the fine polymer 
particles are attracted to the surface of the fine wax 
particle in the initial stage of the polymerizing z-eaction of 
the monomer and, accordingly, the fine polymer part.icles can 
be deposited in a short time and singly on the surface of the 
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fin wax particle* Further/ fine wax partial s can be 
incorporated sufficiently into the f rmed polymer particles. 

When the polymer particles prepared as described above 
are used as a toner, since fine wax particles are 
incorporated in the polymer particles, offset in a heat 
fixing device provided to a copying machine or the like can 
be prevented with no external addition of the wax, and with 
no provision of an oil coating device to the copying machine 
or the like, thereby capable of in^roving the fixing property 
of the toner and forming images at high fineness. 
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